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CARCINOMA OF THE CERVIX
Just about 1900, Wertheim introduced his radical hysterectomy, arid designed his vaginal clamp.
When I first saw this operation in London it consisted of a total hysterectomy with appendages, as much vagina as would allow the application of the clamp, and as much of the paravesical connective tissue as was necessary to remove the ureters from the ureteric canal. If a gland was seen or felt, it was removed.
The next operation I saw was described as Mr. Bonney's method. The vagina was removed for an inch below the growth, the uterosacral ligament was divided close to the sacrum, and the cardinal ligaments were cut close to the internal iliac artery.
In 1920, radium appeared in London, and was immediately used for carcinoma of the cervix, and surprisingly good results were obtained without operation. At this time, a most respected senior announced from the platform that, in future, all pelvic growths would be treated by radiation and that operation would rapidly cease. Great was the dismay of the young men on hearing that their livelihood would disappear almost overnight. But gradually there was a drift back to surgery with or without the previous use of radium. In 1931, Mr. Goodwin began his block dissection operation with removal of the whole or most of the vagina. In this operation the dissection begins at the periphery; the iliac and obturator glands being removed in one piece wfth the uterus, vagina and pelvit connective tissue.
On analogy with carcinoma of the breast, this method should be the operation of choice. No one would now think of removing the breast and glands in separate portions.
Mr. Goodwin's mortality is so nearly 1 %, that it would be fair to call it such. In Stage I, the fiveyear survival rate without recurrence is nearly 75 %, and in Stage IT, about 50%. I offer Mr. Goodwin my personal congratulations on the excellent results of his surgical enterprise.
Six years ago, Brunschwig introduced exenteration of the pelvis for advanced carcinoma of the cervix, which is not adherent to the pelvic walls. In addition to the genital canal, the bladder is removed and sometimes the rectum as well. The ureters are implanted into the colon. The immediate mortality is high and there is often early recurrence of growth. In the combined operation for carcinoma of the rectum, the early mortality was also high, and early recurrence was common. In spite of this, the combined operation is now well established. THE USE OF RUBBER GLOVES Rubber gloves, now a vital part of our aseptic technique, were first used in 1906 in Leeds by Lord Moynihan. He obtained them from the Middle Rubber Company, Ohio, and they began to reach London, in 1909 . [November 28, 1952 The Amplification and Recording of Fetal Heart Sounds [Abridged] By ALISTAIR L. GUNN, B.Sc., M.D., F.R.C.S.Ed., F.R.C.O.G. and MICHAEL C. WOOD, M.A., M.D., D.M.R. Maternity D2pattment, Lewisham Hospital, Londgn WHEN we had made our machine for demonstrating the foetal heart sounds in various ways, we examined the literature and found that no one has published a description of any machine in this country although various forms of apparatus have been made abroad.
The stethoscope was brought into use for midwifery by doctors very soon after its introduction by Laennec in 1819. Previously there had been only two accounts of anyone listening to the foetal heart, and these were not written by the people who had listened. The earliest of all is from France. Round about 1650 a group of physicians in Niort spent some years wrangling about the functions of the feetus. One of them, Phillipe Le Goust, in a poem written in the local dialect, makes fun of his colleague Marsac for claiming to hear the heart of the fcetus "beating like the clapper of a mill".
We can reasonably look upon this as the first written evidence of auscultation of the fcetal heart. If he did indeed hear the heart his discovery was sterile because he did not apply it to diagnosis and prognosis. The next account, over one hundred and fifty years later, concerns Franrois-Isaac Mayor of Geneva who is generally given the credit of being the first to listen to the heart of the foetus, and his fame rests on a single footnote. There was published in Geneva a monthly abstract or Readers' Digest called"Bibliotheque universelle des Sciences et des Arts, &c.", and in 1818 the November number records a meeting of L'Acadenie Royale des Seances in Paris when a report was read on the Treatise of Dr. Lenuce on auscultation. This Dr. Lenuce was almost certainly Dr. Laennec. It described how a committee had verified the author's findings and had also heard the beatings of the heart, the adult heart of course. To this there is an editorial footnote, doubtless inspired by local pride: 6 "This observation reminds us of one by M. Mayor, the clever Geneva surgeon, which seemed very interesting to us, in his report on fhe art of accouchements and legal medicine. He has discovered that you can recognize with certainty if an infant, when term is near, is alive or not, by applying the ear to the mother's belly; if the child is alive you hear quite clearly the beats of itsheart and you easily distinguish them from the mother's pulse." On that footnote alone rests the fame of Mayor. Laennec was the real pioneer; and within a few years (1822) Lejumeau de Kergaradec gave a systematic account of the feetal heart and of the uterine souffle.
This-was the beginning of an epoch when physical signs were coming into their own. Some years later in 1833 Evory Kennedy, of Dublin, described the fcEtal heart sounds and was the first to discover and explain the funic souffle.
Observations of the feetal heart were many; for a great deal more attention was paid to the heart in the nineteenth century than during the first half of the twentieth. Not all the work was accurate. For instance in 1859 Frankenhauser described a sex difference in the foetal heart-rates, up to 130 for males and over 138 for females and this was still believed by McClintock as late as 1876.
Once the fcetal heart sounds had been heard it was only a matter of time before the need for recording them was felt.
The methods used for recording the heart of the fcetus follow those employed for the heart of the adult. Beginning with tambours and recording drums the investigators passed on to vibrating membranes on which a light mirror was mounted, crude micrpphones, tracings produced by a smoky flame altered by vibrations, and even a diaphragm consisting of a soap bubble in the centre of which was a thread coated with silver for the movements to be recorded on a photographic plate (Weiss, 1909) . Einthoven's string galvanometer and the electrocardiograph followed.
FCETAL ELECTROCARDIOGRAPHY
It has been found that the f(etus in utero does create differences in electrical potential which will indeed produce a fcetal electrocardiogram. For example, Bell (1938) working in the wards of the late Professor Hendry in Glasgow, showed that in advanced pregnancy a feetal tracing is superimposed on the maternalelectrocardiogram. The usual leads I, It and III were used. He was not able to use the tracings for any practical purpose. Strassmann and Mussey did similar work in America in the same year. Since then further work has been done in America by Dressler and Moskowitz (1941) and by Bernstein and Mann (1942) on fcetal electrocardiography. They seem to be able to see minute waves on a tracing far better than they can hear a foetal heart.
Blondheim (1947) introduced a variation by employing the electro-encephalograph to record the foetal electrocardiogram.
Faetal electrocardiography should not be confused with the recording of the fcetal heart sounds. Electrocardiography has been used to analyse the quality of the foetal heart sounds as was done by Paley and Krell (1944) . They obtained fcetal electrocardiographs, and stethographs at the same time by using a microphone as well. They described two sounds which were nearly equal, the first sounds sometimes a little longer than the second and each composed of 2 to 4 deflections. These findings are at variance with our analysis done on the cathode ray tube. THE AMPLIFICATION OF THE HEART SOUNDS Amplification of sounds was made possible by the wireless valve. Major G. 0. Squier of the United States Army constructed a heart transmitter in 1921 which made the heart sounds audible in a large room and, in addition, he transmitted them by wireless. Abbott of Purdue University (1923) devised a telephone transmitter tuned so that the adult heart sounds could be heard on a loud-speaker in a large room.
Amplifiers have been used in some of our medical schools to demonstrate adult heart sounds for teaching purposes.
ELECTRICAL AMPLIFICATION OF RETAL HEART SOUNDS It was not long after the wireless valve was used to amplify the adult heart sounds that apparatus was devised to magnify the sound of the fcetal heart. Falls and Rockwood (1923) in the United States seem to have been the first to describe a makeshift amplifier which enabled the feetal heart to be readily counted several feet from the loudspeaker. They were followed by Frederick and Dodge (1924) who used a low pass 130 cycle filter in order to suppress extraneous sounds including the voice and any electrical disturbances. They used multiple circuits connected in parallel to the stethoscopes of the whole class of students. They considered that the energy of the foetal heart sounds was only 1/50 to 1/500 of the average adult heart sounds. Sampson and McCella (1926) used valves to amplify with improved tuning and they employed a string galvanometer for recording feetal heart sounds. They obtained accurate readings of the durations of the first and second sounds and they worked out average durations of systole and diastole.
Hyman in 1930 recorded one of the most substantial pieces of work of this period. His machine called a foetal phonocardiograph gave tracings as photographic records of the foetal heart sounds after they had been converted into electro-magnetic waves by radio-amplification. The sounds from the microphone were depicted by a beam of light from a string galvanometer on to a moving film. A sphygmomanometer worked a tambour to give the mother's pulse. Hyman found some gross irregularities of the fetal heart rhythm. He attached a stethoscope by a rubber girdle and used elephant tubing to carry the sounds to the microphone which passed the signal by a beam of light to the camera. The sphygmomanometer cuff on the brachial artery gave a polygraph tracing simultaneously. Cioslowski of Warsaw described in 1932 a microphone which could be used with earphones or a loudspeaker. Bierring, Bone and Lockhart (1935) of Des Moines, Iowa, in their electrostethograph had a somewhat similar type of machine but here the electrical impulses were fed into the moving coil of the d'Arsonval galvanometer, on which a mirror reflected a beam of light partly on to a photographic film and partly on to a ground-glass screen for the operator to see the vibration. They also passed the sounds into a loudspeaker.
In 1937 Matthews described an amplifying stethoscope which appeared to have been produced commercially and was named the Western Electric 3A stethoscope. As the apparatus becomes more selective and sensitive it is found that the sounds are "fed back" into the microphone and produce a howl. This is a constantly recurring trouble in these machines.
Pommerenke and Bishop of the Department of Radiology of the University of Rochester described their amplifier in 1938 and gave full electrical details. They obtained sufficient amplification of the foetal heart to make gramophone records. De Costa (1938) described a photostethoscope which gave good amplication of fcetal heart sounds and which carried a neon lamp so that the sounds were translated into flickers of light.
Smith and Hervert (1940) described a cardiophonograph which gave the foetal heart sounds on earphones or a loudspeaker and they took gramophone records. Smith (1941) describes the recording of a foetal heart murmur which was confirmed after the birth of the baby. Recently Dunn (1952) of the London Hospital described congenital heart block which was recognized and recorded nine days before delivery.
THE FCETAL HEART MACHINE The apparatus was made by one of us (M. C. W.) to his own design, to amplify the foetal heart sounds, to record them in different ways, and in particular to show the trace of the sounds on a fluorescent screen. Fig. 1 shows the plan of the apparatus. We are using a high gain amplifier that can detect a signal of less than a hundred microvolts, i.e. 100 millionths of a volt, and can amplify it several hundred thousand times without distortion, and at the same time retain a high signal-to-noise ratio. In the apparatus a crystal microphone converts the audible sounds into corresponding electrical impulses. The peak potential received from the microphone at term varies with the intensity of sound, from 200 to 500 microvolts.
The high impedance of the crystal microphone is matched by a cathode follower. The signal received is then amplified through two pentode stages which together form the pre-amplifier. The signal is tuned to whatever frequency is wanted and after further amplification may lead into any of the following channels:
(1) It is heard through earphones which are used both for monitoring and for locating the position where the feetal heart is heard with maximum intensity.
(2) It is passed throu.gh an audio output stage to drive a loudspeaker.
(3) It deflects the Y plates of a built-in cathode ray tube to demonstrate the visual characteristics of the foetal heart sounds.
(4) It works a pen to provide a graphic record of the foetal heart sounds.
(5) It passes into a tachyometer to indicate beats per minute on a dial. (6) After further amplification and clipping, it causes self-triggering of the time base for the cathode ray tube. (7) It is fed into an external oscilloscope for further inspection and photographing. (8) It illuminates a neon bulb, each flash indicating a beat. (9) The audible foetal heart sounds may be recorded on a wire or tape recorder, or on gramophone records. A variable thyratron oscillator is incorporated for use as a timer with the pen recorder. In the records shown it marks intervals of one second. It also lights a neon bulb.
The apparatus is housed in a cabinet (Fig. 2) . It is an experimental model, in which many of the controls are brought out to the surface. Wartime valves had to be used throughout instead of their modern miniature but expensive counterparts.
The controls consist of main gain control, tuning control, volume control for speaker, control for pen recorder, regulator of pen path, control of negative feed back, control for size of trace, control for triggering trace, controls for moving spot up and down and from right to left, control for focusing and brightening the spot, control for speed of the time base, control for length of the trace.
The face of the cathode ray tube can be seen in the centre of the apparatus (Fig. 2) . The pen recorder is to the left of the metal cabinet and the external oscilloscope for photographing the trace is to the right. The microphone is lying in front of the apparatus .  FIG. 2. -The apparatus.
THE HEART SouNDs DEPICTED BY CATHODE RAY TUBE
The microphone converts the audible sounds into corresponding electrical impulses. From these the trace on the cathode ray tube demonstrates the visual characteristics of the fertal heart sounds. Fig. 3 is a photograph of three foetal heart beats from one case taken at intervals of approximately half a minute. The strokes seen above the sounds indicate the time-relationship of the sounds, the intervals between each stroke being 1/50 of a second. It can be seen in this case that each beat consists of three large peaks which are followed by four smaller ones which are progressively damped. These three peaks or components are almost identical in size and shape but there are differences. The first component in the first sound is larger than that in the second sound. In the third sound the third component is reduced. The duration of the sound from beginning to end including the damped four peaks is in this case 7/50 of a second. The interval between each of the three large components is slightly over 1/50 of a second.
The small bend of the summit of the middle component is due to the curved surface of the edge of the cathode ray tube. Fig. 4 shows that the foetal heart sounds, although differing from Fig. 3 , do retain a remarkable likeness. This again shows the three independent components; but the interval between the first and second component is increased and in addition the middle component is considerably larger than the other two. The duration of the whole sound is 9/50 of a second, the interval between the first and second components is 4/50, and that between the second and third components 1/50 of a second. Fig. 5 shows six sounds recorded from one case and each sound is tuned to the frequency indicated in cycles per second. The pattern remains unaltered, indicating that the higher and lower tones in the sounds are produced simultaneously. These recordings give an idea of the frequencies involved. Fig. 6 shows three sounds recorded from another case, A was taken before labour, B during a strong labour contraction and C shortly after delivery. There is little change in the overall pattern between the first two sounds, but after delivery the adult appearance was rapidly taken on with two separate sounds: lup-dup. It will also be noticed that there is an accentuated peak associated with the first sound. Fig. 7 shows the pattern of the baby's heart after delivery. Within an hour of birth there is the adult appearance with two separate sounds: lup-dup.
Our photographs show that the foetal heart sound is a single beat and has three main components;
it extends over a period of approximately 7/50 of a second. As shown in Fig. 4 there may be a longer interval at times between one of the components and the next and thus the sound may appear double to the human ear. We have not been able to confirm the two nearly equal sounds as described by
Paley and Krell, nor the systole and diastole which Sampson and McCella measured. To show the characteristics on the cathode ray tube a self-triggering circuit is employed to activate the time base. The commencement of the first impulse of the sound starts the spot on the screen of the cathode ray tube travelling from left to right; and subsequent impulses in the beat have no effect on the time base until it has traversed a full scan on the screen.
By adjusting the timing, the successive heart sounds can be superimposed one on top of another. Alternatively, the time can be lengthened to show as many as four or five beats on the screen in one scan. To examine the trace more accurately at leisure, a photograph of it is taken, and for this an external oscilloscope is found convenient. On this we use a single stroke time base (especially made -for this operation) with the shutter of the camera open throughout.
To show the time relationship of the foetal heart sounds a trace on the screen of 50 cycles per second is obtained from either the mains supply or from an oscillator. On a double beam cathode ray tube the foetal heart sounds and the time traces can be produced simultaneously and photographed. But in this apparatus single beam tubes have had to be used. The traces of the heart sounds and the 50 cycles per second oscillations were photographed separately and later superimposed as shown in Figs. 3-6.
THE RECORDING OF THE FCBTAL HEART WITH PEN ON PAPER
The pen recorder with its timer indicating one mark per second cart be left running for a long time to show possible changes in rate and rhythm. It should not be adjusted so sensitively that it responds to the components of each heart sound. We made a trace over a period of 69 sounds extending for 21 inches of paper showing the regularity of the beat. This recording was taken during a uterine contraction. (Not illustrated.) Fig. 8 shows a trace taken as a uterine contraction was passing off. The interference to the right of the picture is due to borborygmi. In Fig. 9 the beats marked F are due to feetal heart sounds, and those marked S are due to the uterine souffle superimposed.
The recording of foetal heart sounds is not an easy procedure as the signal received from the microphone is small; and sounds from the abdomen, such as borborygmi, and skin noises have a frequency note that is in the same range as the fretal heart sounds and may cause interference. Mains hum and its harmonic also lie in this range and may be troublesome. The construction of a suitable amplifier necessitated adequate screening and it was necessary to provide a well-stabilized power supply. The only costly component in this machine is the oscilloscope which was necessary in the building of the machine. All other parts were obtained cheaply and many of them were improvised. The apparatus could be improved merely by increasing the cost, and with the knowledge we have acquired by our experience we could improve it in other ways.
UTERINE
We should like to acknowledge the assistance we have received from the medical and nursing staff of the Maternity Department at Lewisham Hospital.
A short film called "Presentation of the Cord" was shown; the apparatus employed demonstrated changes in the feetal heart-rate. PHELIPPEAUX (1879 ) Arch. Tocol., etc. Paris, 6, 304. POMMERENKE, W. T., and BISHOP, F. W. (1938 ) Amer. J. Obstet. Gynec., 35, 851. SAMPSON, J. J., and MCCELLA, R. L. (1926 Amer. Heart J., 1, 717. SMITH, A. L. (1941) Arch. Pediat., 58, 549. and HERVERT, A. B. (1940) Amer. J. Obstet. Gvnec., 40, 102. SQUIER, G. 0. (1921) described by'WINTERS, S. R., Sci. Amer., 124, 465. STRASSMANN, E. O., and MUSSEY, R. D. (1938) Amer. J. Obstet. Gynec., 36, 986. WEISS, 0. (1909) Sammi. Anat. Physiol. Vortr., 1, 7, 263. Foetal Distress in Postmaturity [Abridged] By S. G. CLAYTON, M.S., F.R.C.O.G. TEN years ago it was generally held that the postmature fcetus ran some risk of dying in the uterus before the onset of labour because of degeneration and calcification ofthe placenta. Miss Masters and 1 (1940) examined a number of placentme by three methods: (l) by histological section; (2) by chemical estimation of the calcium content; and (3) by X-ray studies of the calcium deposits. We were unable to find any evidence of degeneration or calcification in postmature placente beyond that seen with equal frequency in mature placentee. Further studies of the foetal vessels of the placenta by perfusion with radio-opaque suspensions showed no change in postmaturity. On the other hand McKiddie (1949) has recently suggested that the maternal blood flow through the postmature placenta is inadequate.
The fate of the foetus in postmature cases was also studied (Clayton, 1941) by examining the records of 10,000 consecutive deliveries. Cases in which the pregnancy had continued for more than 42 weeks from the onset of the last menstrual period, and in which the child weighed more than 74 lb., were selected and compared with 8,552 mature cases. Cases with doubtful dates were excluded. This was not put forward as a definition, but only as a method of separating off a group which was likely to contain most of the postmature cases. (In all later studies the weight criterion has not been used.) 455 postmature cases were available for study and it was found that the stillbirth rate was was prolonged.
This conclusion was confirmed by Rathburn in 1943, and McKiddie in 1949. Rathburn did not find that the mortality increased progressively as the duration of pregnancy advanced.
When the causes of the foetal deaths in the postmature cases were studied the result was unexpected. Among 455 postmature cases there were 28 stillbirths and 2 neonatal deaths, but in all except three of these some obvious cause of death other than postmaturity per se was found. If it is objected that tho numbers are small it must be remembered that these 3 were the only cases among nearly 10,000 in which death might be attributed-to postmaturity alone (in the sense of placental insufficiency). Similar results were obtained by von Ruette (1949) and Latto (1951) . Von Ruette studied 1,003 postmature cases and found 28 stillbirths and neonatal deaths, but in all but 4 of these some cause of death other than postmaturity alone was found. It is not affirmed here that the feetus never dies of postmaturity alone-the point made is that genuine cases of death from postmaturity are very rare. As a further illustration of this may be added the fact that no such case could be found in a careful review of every delivery in Queen Charlotte's Hospital in 1942. In this series it was surprising to find that no intra-uterine death before the onset of labour was recorded in the postmature group. Latto (1951) studied 154 stillbirths and found that 21 feetuses died in utero from no obvious cause, but that only 2 of these were postmature by dates.
Is it possible that the risk of postmaturity has been exaggerated in our minds because of our responsibilities? When an intra-uterine death occurs before term the obstetrician may have little sense of failure as he can often neither foresee nor prevent the accident. On the other hand the postmature case is brought very much to his notice, and if he does not induce labour and the feetus happens to die then he feels responsible for the disaster, which is invariably attributed to postmaturity.
It may be remarked here that records of the duration of pregnancy in published hospital reports are often very inaccurate. Not only are the dates recorded carelessly-the entry "40 weeks" seems to appear for any case delivered within about two weeks of term-but other errors occur. For example, the feetus may die before the 42nd week but be delivered after that week, and such cases creep into the postmature series. Reliable reports can only be based on conscientious scrutiny of each case history.
A particular difficulty arises with cases reported to be four weeks postmature. Many of these are a full month out in the date of the last period or ovulation, and they obscure and dilute the figures of the few cases which are genuinely four weeks overdue.
With the help of the Records Officer at Queen Charlotte's Hospital an attempt is being made to collect another series of postmature cases, and the present paper only offers some preliminary observa-
